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Tru«  report  coders  Phase'll  of  a  program  to  develop  a 
supplementary  item  of  protective  footwear  to  be  used  inP 
conjunction  with  a  previously  developed  protective  combat 
Uot  it.  was  directed  toward  fabrication  of  test  prototypes 
for  blast  evaluation.  The  supplementary  devices  were  o-F^fwn 
types,  Concept  A  and  Concept  B.  both  using  an  identical  solid 
aluminum  shank.  Concept  B  incorporated  a  system  of  reinforce 
ment  for  the  upper  portion  of  the  foot.  em force- 

A  discussion  of  preliminary  proof testing  considerations 
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DEVELOPMENT ,  FABRICATION,  AND  PROOFTESTING 
OF  OPTIMUM  FOOT  PROTECTION  AGAINST  ANTIPERSONNEL 
MINES  USING  A  SUPPLEMENTARY  DEVICE 

Introduction 

A  variety  of  techniques  for  providing  varying  degrees  of 
protection  against  antipersonnel  (AP)  land  mines  are  available. 

It  is  possible  to  reinforce  the  combat  boot  or  provide  same 
form  of  supplementary  protection.  This  report  covers  the 
fabrication  and  preliminary  aspects  of  the  prooftesting  of 
supplementary  devices  which  are  intended  to  be  used  in  conjunction 
with  a  previously  developed  protective  combat  boot.  (2)  The  re¬ 
sults  of  prooftesting  the  supplementary  devices  will  be  supplied 
later  as  a  supplement  to  this  report. 

The  standard  stitched  or  direct  molded  sole  (DMS)  combat 
boot  is  not  effective  in  preventing  an  amputation  of  a  foot 
exposed  Co  the  blast  effects  of  a  small  AP  land  mine  (such  as 
the  U.  S.  Army  M-14  which  contains  one  ounce  of  tetryl). 

Modifying  the  boot  by  means  of  a  protective  shank  can  salvage 
about  27  percent  of  the  casualties  from  amputation,  and  rein¬ 
forcing  the  counter  area  of  the  boot  upper  can  increase  the 
salvage  from  amputation  to  about  65  percent.  (2) 

The  supplementary  devices  are  intended  to  increase  the 
level  of  protection  provided  by  the  protective  combat  boot 
from  die  27  to  65  percent  possible  salvage  to  at  least  90  per¬ 
cent  possible  salvage.  The  factors  involved  in  the  design  of 
the  supplementary  devices  are  discussed  in  detail  in  the  Phase  I 
Final  Report  under  this  contract  (1)  and  are  briefly  reviewed 
below. 

PART  I.  REVIEW  OF  THE  ANALYTICAL  AND  EXPERIMENTAL  DATA  USED 
IN  THE  DESIGN  OF  THE  BLAST  PROTECTIVE  SUPPLEMENTARY 
DEVICES 

Phase  I  of  this  program  included  the  theoretical  and 
experimental  development  of  the  concepts  which  were  eventually 
fabricated  in  a  quantity  sufficient  for  blast  evaluation. 

These  data  are  fully  covered  in  IITRI  Report  E6029-5.  (1) 

To  sUBSoarixc  briefly,  the  iiqjulsive  load  generated  by 
the  land  mine  mist  be  reduced  to  a  tolerable  level  by  a 
supplementary  device  used  In  conjunction  with  a  protective  boot. 

A  tolerable  level  is  defined  by  Che  90  percent  possible  salvage 
criteria.  In  this  context,  possible  salvage  refers  to  a  level 
of  Injury  which  an  experienced  observer  would  regard  as  not 
likely  to  require  an  amputation  of  the  foot.  A  medical  judgment 
of  this  sort  is  somewhat  subjective;  however,  several 
independent  evaluations  of  the  same  specimen  can  be  used  to 
arrive  at  an  average  evaluation. 


1 


The  Phase  I  effort  was  primarily  devoted  to  the  study  of 
the  system  shown  in  Figure  1*  A  water  bath  receives  the  im¬ 
pulsive  load  which  would  normally  be  transmitted  to  the  foot. 

Figure  2  indicates  the  analogous  system,  including  a  human  foot. 
Although  a  considerable  physical  difference  exists  between  the 
two  systems,  the  matching  soft  tissue-water  impedance  and  the 
extremely  short  duration  of  the  shock  portion  of  the  loading 
wave  had  made  the  water  bath  an  evaluation  tool  of  considerable 
significance  to  this  program. 

Based  on  experiments  with  the  water  bath  system  of  Figure  1, 
it  was  determined  that  the  unit  area  impulse  would  be  less 
than  0.4  psi-sec  for  any  of  the  sabot  shanks  which  were  con¬ 
sidered  and,  likewise,  that  the  peak  pressure  would  be  limited 
to  less  than  2,000  psi.  It  was  also  noted  that  the  external 
wedge  shape  which  is  directly  exposed  to  the  land  mine  would 
limit  the  gross  impulse  input  to  about  5.7  pound-seconds.  A 
comparison  of  these  data  to  the  estimated  damage  threshold  data 
for  a  human  foot  indicated  that  any  of  the  supplementary  device 
systems  which  were  evaluated  are  capable  of  achieving  a  relatively 
high  level  of  protection. 

The  sabot  shanks  provided  a  level  of  protection  which 
appeared  to  be  related  to  their  mass  without  regard  to  internal 
construction  or  material  parameters.  The  heavier  sabot  shanks 
resulted  in  lower  values  for  peak  pressure  and  unit  area 
impulse.  The  significance  of  this  fact  is  that  there  is  no 
additional  foot-saving  advantage  to  be  gained  through  a 
multiple- layered,  impedance-mismatched  sabot  shank,  or  through 
the  use  of  crushable  materials  or  configurations  within  the 
sabot  shank;  a  sufficient  number  of  impedance  mismatch  layers 
is  contained  within  the  boot  protective  shank  for  this  purpose. 

The  series  of  18  cadaver  experiments  with  a  configuration 
generally  similar  to  Figure  2  resulted  in  only  one  case  of 
damage  sufficient  to  rupture  the  skin.  This  latter  case  involved 
the  use  of  a  Lexan  polycarbonate  plastic  sabot  shank.  The 
number  of  variables  involved  in  these  experiments  make  it 
difficult  to  predict  the  precise  level  of  protection  which  any 
particular  system  may  provide,  but  the  range  of  damage  Indicates 
that  almost  any  of  the  protective  systems  has  a  good  chance  of 
meeting  the  required  90  percent  possible  salvage  level. 

A  full  description  of  these  experiments  is  included  in  the 
Phase  1  report  (1)  and  the  results  are  reported  here  in  Table  1. 

All  combinations  of  sabot  variables  performed  equally  well  on  a 
range  of  cadaver  legs  for  this  small  test  series.  Therefore, 
although  more  data  are  desirable,  the  selection  of  any  particular 
combination  should  be  based  upon  comfort  or  economic  consideration. 
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Aquarium  Water  Bath  Experimental 


Configuration 


PART  II.  FABRICATION  OF  FOOTWEAR 


The  fabrication  of  10  pairs  of  each  of  two  supplementary 
device  concepts  was  a  major  portion  of  the  Phase  II  effort. 
Figures  3  and  4  show  the  two  concepts  mounted  on  boots.  Figures 
5  and  6  show  the  concepts  in  pairs.  Note  that  concept  A  is 
shown  in  Figure  5  without  the  rubber  overshoe  attaching  system. 
The  molds  which  were  used  to  cast  the  urethane  rubber  are 
shown  in  Figures  7  and  8.  The  protective  sabot  shank  is  shown 
in  Figures  9  and  10. 

The  urethane  elastomer  used  for  these  models  is  furnished 
by  Uik-O-Seal  of  Chicago,  Illinois,  and  is  designated  ABRASHUN 
5055.  The  material  has  a  nominal  durometer  of  55  shore  A  and 
is  somewhat  softer  than  that  used  previously  for  the  initial 
samples.  Seme  difficulty  noted  in  molding  this  softer  material 
resulted  in  air  voids  near  the  edges  and  some  internal  bubbles, 
but  these  should  not  affect  the  overall  blast  protective 
qualities  of  the  sabot  .system. 

A .  Concept  A  Fabrication  Details 

The  solid  aluminum  shank  shown,  in  Figures  9  and  10  was 
molded  directly  into  the  urethane  casting.  This  casting  was 
then  adhesive  bonded  to  a  rubber  overshoe  by  an  overlapping 
strip  of  1/1 6- inch  thick  neoprene  rubber  which  was  contoured 
to  fit.  The  adhesive  used  was  Locktite  404  which  contains  a 
Hetliy 1-2- Cyanoacrylate  resin  and  is  similar  to  Eastman  910. 

The  rubber  overshoe  itself  is  a  commercially  available 
item  designated  by  the  manufacturer*  as  Sandal,  Extra  Large, 

1100  Black.  The  overshoe  was  shortened  slightly  and  the 
bottom  was  removed  so  that  the' "sabot  as  shown  in  Figure  5  is 
mounted  directly  against  the  bottom  of  the  combat  boot  and 
the  overshoe  is  used  only  to  retain  it  in  place. 

B.  Concept  B  Fabrication  Details 

Concept  £  was  also  fabricated  with  the  aluminum  shank 
molded  in. place.  The  upper  part  of  the  Concept  B  elastomer 
was  designed  to  fit  against  the  full  heel  protective  combat 
boot,  but  can  also  be  used  with  the  cutaway  heel.  Figures  4 
and  6  show  the  Concept  E  System. 


*Tingley  Rubber  Corp», 


South  Plainfield,  New  Jersey 
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Mounted 


Figure  5  Pair  Of  Concept  "A"  Sabot  Elastomers  With  Molded 
In-Place  Shanks  Shown  Less  Rubber  Overshoe 


Pair  of  Concept  "B"  Sabot  Systems  Complete  With 
Upper  Reinforcements  And  Shanks 
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Figure 


The  upper  reinforcement  shown  in  Figure  4  is  comprised  of 
the  two-piece  parts  shown  in  Figures  11  arid  12.  The  intent  of 
this  system  of  upper  reinforcement  is  to  minimize  the  lateral 
expansion  of  the  heel  of  '.-it-  foot.  These  two  pieces  are  fabri¬ 
cated  from  aluminum  alloy  and  black-anodiZ’  d . 

PART  111.  PRt  LI  Ml  NARY  PROOFTL.i  U  NG  CONSIDERATIONS 

Final  prooft.es '\i no  of  the  sabot  concepts  will  involve  the 
use  of  cadaver  lower  extremities  and  protective  combat  boots 
as  well  a y  he  sabot  which  ’ s  bring  evaluated. 

A  recommendation  •  ~  nace  for  the  *ts  to  be  conducted 
at  the  Army  Chemica  !  r-  •— ar/  h  »n ci  Deve '  •  -ament  Command  (CRDL) 
by  the  personnel  of  the  1  ■  •  vp  >y.-  ics  Divj.k  ->n,  body  Armor  Brancn. 
Autopsy  reports,  X-ra‘> .  i  ohot ©graph  •  wil  1  oe  supplied  by 
CRDL.  to  a  number  of  ex  per  i  -  :.ced  c.»bserv<  ;  s  for  evaluation  of 
the  damage  to  i  he  cadavrs,  and  the  results  will  be  tabulated 
and  ana  1 yzed . 

The  M-14  land  mine  will  be  used  and  the  emplacement  and 
initiation  techniques  arc  to  be  similar  to  those  established 
by  CRDL  and  employed  for  the  protective  combat  boot  evaluation.  (2} 

Since  the  damage  level  will  be  considerably  less  with  the 
sabot  system  than  with  the  protective  boot  alone,  a  more 
detailed  analysis  of  the  damage  may  be  useful.  The  primary 
consideration  is  the  amputation  versus  possible  salvage  judgment; 
however,  a  breakdown  similar  to  the  one  indicated  in  Table  I 
may  permit  a  more  detailed  picture  of  the  damage. 

The  proof testing  of  the  20  pair  of  Concepts  A  and  B  (10 
pair  of  each  type)  should  include  a  minimum  of  10  tests  with 
each  type  or  a  total  of  20  tests.  This  amount  will  provide 
half  of  the  Lot  for  any  retesting  or  preliminary  wa lk-and-wear 
evaluation  which  may  be  desired. 

The  test  program  should  be  conducted  with  protective 
shoes  that  are  similar  to  those  being  procured  under  Natick's 
current  contract  with  the  Genesco  Company  for  which  I2TRI  is 
under  contract  to  furnish  attenuators.  This  protective  shve 
procurement  will  furnish  a  one-piece  honeycomb  attenuator  or 
boot  shank  and  a  leather  counter  incorporated  into  a  combat 
boot  of  DMS  construction.  If  tests  with  the  more  effective 
metal  heel  counter  are  desired,  they  should  be  in  addition  to 
the  leather  counter  tests.  The  protective  shoes  used  on  these 
tests  must  be  provided  as  Government  furnished  property  (G.F.P.). 
Preliminary  information  indicates  that  an  adequate  supply 
exists  from  the  150  pair  procurement  furnished  by  Genesco  under 
sub -contract  with  IITRI,  contract  number  DA  19- 129-QM-2061 . 
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